GENERAL COMMENTS
This sub-analysis of the Korean Longitudinal Study of Ageing (KLoSA), confirm results obtained in other population studies showed that hand grip is associated with cause-specific and total mortality in older adults. Although nowadays the importance of evaluate the relationship of grip strength, not only static grip strength and also change of grip strength, association with the risk of cardiovascular events and diabetes is needed, I believe that the publication of this manuscript is useful for increase evidence in identifying Asian people with increased risk of premature cardiovascular and total mortality, in particular. Moreover, the manuscript is clearly written, the methodology is appropriate, and the results are quite well presented.
However, a number of issues have to be addressed. 1) Information on the respondents who excluded from the study should be concerned about the possibility of selection bias. My concern is whether this selective population is a great representative sample of the general population.
2) Grip strength is strongly associated with body height and weight. Have the author(s) taken two factors into consideration to the models? Are there longer statistically significant relationship between handgrip strength and three outcomes of this study after adjusting for all potential covariates.
3) The authors used the average of all four measures of handgrip strength as the threshold to further classify into tertiles according to their handgrip strength. Please state the reason for applying the average of all four measures of handgrip strength.
association between grip strengt and mortality. As reported earlier, they report especially strong associations with cardiocascular mortality and weaker associations with cancer mortality. Even if the point estimate actually suggested an association also for cancer. As this is an observational study, it is bold to conclude that an intervention improving grip strength will reduce mortality, so I would advice to change the conclusion accordingly.
I have only minor comments, as the study is based on high quality data, the analyses are elegantly perfomed using standard methods, and results are nicely presented and interpreted. Results are discussed in relation to relevant , and up to date literature. Why was those with only grip strength at one occasion removed from the study population? This decreases the power.
The linkage of death information was a bit unclear. What about single persons dying without any relatives to inform about cause of death? Would not this introduce bias, and also, would not this be a potential source of error, both on cause of death and time of death?
VERSION 1 -AUTHOR RESPONSE
Response to Referee #1: Thank you for your careful review of our paper. We have answered each of your points below.
1) Information on the respondents who excluded from the study should be concerned about the possibility of selection bias. My concern is whether this selective population is a great representative sample of the general population.
Thank you for raising this point. We agree that non-response and loss to follow-up could have contributed to biased estimation of the association between handgrip strength and mortality between handgrip strength and mortality, if such loss is associated with both mortality risk and handgrip strength. This has been added in the revised manuscript (Page 18, lines 4-6). Nevertheless, nonresponse in KLoSA is relatively low for a prospective study of this type conducted over a prolonged period of time, and which demanded a great deal of subject commitment to complete study measurements. The response rate for the KLoSA (approximately 71% in wave 1) is in line with other longitudinal studies (for example the ELSA 70%) and higher than that of Survey of Health, Ageing and Retirement in Europe (SHARE) study (55.4%).
We agree that handgrip strength is strongly associated with body height and weight. Indeed, we have already adjusted for body mass index, a measure of individual's body fat in relation to their height as described on Page 5 lines 19-22:
"Body mass index was calculated from body weight and height, and participants were classified as underweight (BMI<18.5), normal (18.5≤BMI<23), overweight (23≤BMI<25), and obese (BMI≥25) according to the revised Asia-Pacific BMI criteria by the World Health Organization Western Pacific Region (17)." The corresponding results are shown on pages 13-14.
Handgrip strength values were derived following the KLoSA study protocol, as described in previous studies. As per reviewer's suggestion, column percentages are presented in Table 1 (Page 9). Table 2 should add data for depressive symptoms (CES-D>=10), the category of 'no' didn't appear data.
4)

5)
Thank you for pointing out this mistake. Table 2 has been amended accordingly (Page 11).
Response to Referee #2: We appreciate greatly the instructive comments and suggestions. We have elaborated our work to incorporate the suggested modifications as explained below:
1) INTRO
Please include the paper of Arvandi et al. (BMC Geriatrics 2016; 16:201) on gender-specific differences in the association between grip strength and mortality in older adults.
Thank you for the suggested reference. In the revised manuscript, the discussion section has been amended and relevant references have been added accordingly (Page 16).
One aim of this study was to assess modifiable mediators of the relationship between grip strength and mortality. However, the authors did not assess possible mediating effects but confounding effects on this relationship.
Thank you for your valuable comment. To clarify, the main focus of this study was to assess whether handgrip strength is independently associated with all-cause, cardiovascular, cancer mortality after adjusting for important covariates. As we did not assess possible mediating effects, the paragraph containing above sentence has been deleted in the revised manuscript. The text now reads as follows:
"However, research on the prognostic value of handgrip strength for mortality, particularly among Korean elderly, is limited and specifically, most studies of handgrip strength in middle and old age have investigated associations with all-cause mortality, and studies that have examined causespecific mortality are less common. To address this gap in the literature, we aimed to quantify the association of handgrip strength with all-cause, cardiovascular, cancer mortality in men and women from the Korean Longitudinal study of Ageing." (Page 3, lines 15-20).
2) METHODS
I would suggest to use gender-specific tertiles as cut-off points as gender has a significant impact on grip strength.
As mentioned on page 7, we have included multiplicative interaction terms along with the main effect in our Cox models, in an attempt to assess possible effect modification by age group (<60 years, ≥60 years) and gender. However, our preliminary analyses showed that there was no significant interaction between handgrip strength and gender (P for interaction >0.05). Hence only results obtained from the pooled sample are presented (Page 7, lines 10-14).
Include a brief statement to justify why you included certain diseases and not others as confounders (presumably since they are probably associated with increased mortality). Why was dementia not included?
Following the reviewers comments, we have redone the entire analysis further adjusting for cognitive function score (N=5,859). We have confirmed that this has not produced any unexpected or substantial changes in the results and conclusions (See results on Pages 14-154).
As indicated on Page 6 lines 2-4, cognitive function was assessed using the Korean version of the Mini-Mental Status Examination (MMSE). Scores range from 0 to 30, with higher scores indicating better cognitive function (20).
Reference
Kang Y, Na DL, Hahn S. A validity study on the Korean Mini-Mental State Examination (K-MMSE) in dementia patients. Journal of the Korean neurological association. 1997;15:300-308.
Why did you not consider nutritional status as a covariate as mentioned in the discussion section?
Unfortunately, due to lack of nutritional data in KLoSA, we were not able to control for nutritional status in our analyses. We have revised the paragraph including this sentence to clarify (Page 18, lines 1-2).
The authors should specify the criteria for confounder selection. Why did you adjust for education, household income, and engagement in social activities?
We noted potential confounders were selected based on existing literature and on statistical criteria (variables showing P < 0.05 in univariate analyses), but we agree that it was not adequately phrased.
We have revised the text to explain this more clearly and relevant references have been added in the revised manuscript (Page 5, lines 3-8):
"Based on our knowledge of the existing literature on factors association with the reduction in muscle strength and mortality and on statistical criteria (variables showing P < 0.05 in the univariate analyses), the following potential confounding variables were selected for inclusion in the multivariable Cox model: age(17), gender(17), educational attainment (18), total household income (18), smoking status (18), physical activity(19), body mass index (20), alcohol consumption(10), comorbidities (12, 19, 21) , cognitive function (22, 23), depressive symptoms (12, 24), and social participation (22, 25) ."
3) RESULTS
Please describe the absolute values of grip strength for men and women. Table 2 . With respect to absolute values of grip strength for men and women, as there were no statistically significant gender differences in the association between handgrip strength and mortality, we decided to provide results of the pooled data only (men and women combined).
4) DISCUSSION
Be more clear about how similar other cohorts were to your sample when you mention them in the discussion. There are strong content similarities between your discussion and the discussion by Arvandi et al.
In the revised manuscript, the discussion section has been extensively modified in accordance with the reviewer's comments. "In this large population-based study of community-dwelling Korean elderly followed over 8 years, we found reduced handgrip strength to be associated with significantly higher rates of all-cause mortality. These associations were similar across gender and age groups, and were not fully explained by adjustment for various socio-demographic, lifestyle-related and health-related factors.
Our findings of a significant relation between all-cause mortality and handgrip strength are in agreement with results from a meta-analysis of 42 prospective cohort studies including over 3 million participants, which reported that a lowest category was, after multivariable adjustment, associated with a hazard ratio of 1.41 for all-cause mortality (11). The Prospective Urban-Rural Epidemiology (PURE) study reported a similar finding in adults aged 35 to 70, residing in 17 countries of various income levels (32). Other studies have also investigated the association between handgrip strength and mortality in the general population. For example, in the Hisayama study in Japan, multivariableadjusted hazard ratios (95% CI) for all-cause death was 0.50 (0.40 to 0.62) for tertile 2 and 0.41 (0.32 to 0.51) for tertile 3 compared with the lowest-tertile group, among those aged 65 years or older (33).
As for cause-specific mortality, results for CVD deaths resembled that of all-cause mortality, whilst the relation between cancer mortality and handgrip strength was not significant in the fully adjusted analyses. These findings are in line with the results obtained from the UK Biobank study (34), which followed 420,727 individuals for 6 years (HR tertile 1 vs.3 = 1.38, 95% CI 1.18 to 1.62) and the Tromsø Study (9), which followed 6,850 participants for 17 years (HR=1.14, 95% CI 1.06 to 1.22). These studies reported a similar inverse association between handgrip strength and CVD mortality. In a study of Japanese community dwelling older adults, Kishimoto et al. (33) found no significant association between cancer-related deaths and handgrip strength (HR=1.43, 95% CI 0.93 to 2.18).
Recently, findings from a study which had measures of handgrip strength in almost 477,074 participants aged 40 to 69 years were reported (35). This study conducted in the United Kingdom also failed to show a statistically significant relation between handgrip strength and cancer mortality.
With so many influences contributing to handgrip strength and mortality, the detailed mechanisms underlying the association remain unclear, but they are likely to be multifaceted in nature and are worthy of further research. One such mechanism may be through endocrine system modulation. During the last decade, skeletal muscle has been recognized as a secretory organ producing and expressing mytokines and peptides, such as interleukin-6 and brain-derived neurotrophic factor, in response to contraction (36, 37). Mytokines can affect the regulation of glucose and lipid metabolism thus contributing to the pathogenesis of obesity, diabetes, and other metabolic disorders. Furthermore, myokines play a pivotal role in counteracting the harmful effects of pro-inflammatory adipokines (38). Indeed, robust associations between chronic low-grade inflammation and sarcopenia have been observed, and recent studies have shown that circulatory concentrations of inflammatory biomarkers are significantly elevated in elderly persons with lower levels of muscular strength (39-41).
Low-grade inflammation is ultimately related to the risk of mortality (42, 43). Additionally, the results of an association between handgrip strength and cardiovascular mortality and absence of association for cancer-related deaths, suggest a potential mechanism related to the cardiovascular system, which should be further explored.
Response to Referee #3: 1) Why was those with only grip strength at one occasion removed from the study population? This decreases the power.
Individuals with at least two data points were included in our analyses, in order to account for the variability in handgrip strength measurements over time using time-dependent Cox regression (Page 4, lines 7-10).
2) The linkage of death information was a bit unclear. What about single persons dying without any relatives to inform about cause of death? Would not this introduce bias, and also, would not this be a potential source of error, both on cause of death and time of death?
In the event of respondents' death, KLoSA attempts an interview with a proxy respondent, usually the spouse, child or a close relative of the deceased respondent -to obtain information regarding respondent's death (Page 4, lines 22-25). We agree with the reviewer that the information obtained from a proxy is inherently prone to bias and must be used with caution. This point has been acknowledged as one the study limitations in the discussion section of the revised manuscript (Page 18, lines 6-9). However, to our knowledge KLoSA is one of the few sources to longitudinally study the determinants of health of the ageing Korean population, with information on mortality. 3) The key study by Arvandi et al. (BMC Geriatrics 2016; 16:201) on gender-specific differences in the association between grip strength and mortality in older adults is not cited in the present manuscript. This should be done and discussed based on the revised results. 4) Please calculate the dose-response association between 1-kg increase in grip strength and all-cause and cause-specific mortality, respectively.
VERSION 2 -REVIEW REVIEWER
REVIEWER
Bjørn Heine Strand Norwegian Institute of Public Health REVIEW RETURNED
21-Dec-2018
GENERAL COMMENTS
I have no further comments.
VERSION 2 -AUTHOR RESPONSE
Response to reviewer's comments
Reviewer's comments: 1) Although Cox models did not show significant interaction between handgrip strength and gender, HRs for men and women may be different and this should be addressed.
We fully agree with this remark and the results of gender-specific analyses have been added to the appendix of the revised manuscript (See Supplementary Note: 95% CI = 95% confidence interval
Adjusted for baseline age, sex, education, quartiles of total household income, time-varying smoking status, physical activity, alcohol consumption, obesity, self-reported doctor diagnosis of comorbidities, depressive symptoms, K-MMSE score and engagement in social activities.
2) Table 1 clearly shows that there is a significant difference in muscle strength between men and women. Please describe the absolute values of grip strength for men and women.
The text on page 7 (lines 15-23) has been modified to read as follows.
"Furthermore, as descriptive statistics pointed to a significant difference in handgrip strength by age and gender (mean ± standard deviation of handgrip strength for males and females were 31.8± 6.6kg and 19.3± 4.7kg, respectively), we included multiplicative interaction terms along with the main effect in our Cox models, in attempt to assess possible effect modification by gender and age groups (<60 years, ≥60 years). However, we found no evidence that the associations between handgrip strength and mortality differed by gender or age groups (All p-interaction >0.05). Hence results obtained from the pooled sample are presented. Results of gender-stratified analyses are shown in Supplementary  Table 1 ."
3) The key study by Arvandi et al. (BMC Geriatrics 2016; 16:201) on gender-specific differences in the association between grip strength and mortality in older adults is not cited in the present manuscript. This should be done and discussed based on the revised results.
The suggested reference has been added to the main text (Arvandi et al. 2016) . We have also added new sentences in the discussion -section "Study limitations and strengths"-to acknowledge that prior work has demonstrated gender specific relationship between handgrip strength and mortality.
The text in the revised manuscript now reads:
"There are number of limitations to this study. First, prior work has demonstrated gender specific relationship between handgrip strength and mortality
44
. However, given the relatively small sample size, gender stratified analyses did not produce statistically significant results in most cases. These null results may be due to an underpowered sample and future studies based on larger sample size are needed to reliably examine the potential gender dimensions, as well as the mechanisms behind the association." (Page 17, lines 22-27). 4) Please calculate the dose-response association between 1-kg increase in grip strength and allcause and cause-specific mortality, respectively. Table 3 & 4 have been revised to show the HRs for all-cause and cause-specific mortality 1-kg increase in grip strength and the main text have been edited accordingly.
We have modified the text, that now reads: "Multivariable adjusted hazard ratio for all-cause death per 1-kg higher handgrip strength was 0.95, 95% CI: 0.93 to 0.97. There was also a significant inverse linear trend in all-cause mortality across categories of handgrip strength (P trend <0.001 for all models). Individuals in the lowest tertile of handgrip strength had adjusted HR of 1.90 (95% CI: 1.33 to 2.73), compared with those in the highest tertile." (Page 12, . "In the model evaluating handgrip strength as a continuous variable, the risk of death from CVD decreased continuously with handgrip strength (Fully adjusted HR for 1-kg increment 0.95, 95% CI: 0.93 to 0.97)" (Page 13, ." "Finally, model 4 in Table 4 shows that there was no longer a statistically significant relationship between handgrip strength and subsequent cancer mortality after adjusting for comorbidities, depressive symptoms, engagement in social activities and other covariates (Fully adjusted HR for 1-kg increment 0.99, 95% CI: 0.97 to 1.00; HR for lowest vs. highest tertile, HR: 1.29 (95% CI, 0.92 to 1.81))" (Page 13, lines 22-24). All disease-specific mortality models accounted for competing risks of mortality. HR = Hazard ratio; 95% CI = 95% confidence interval Model 1: Adjusted for baseline age, sex. Model 2: Adjusted for all covariates in model 1 and education and quartiles of total household income. Model 3: Adjusted for all covariates in model 2 and time-varying smoking status, physical activity, alcohol consumption and obesity. Model 4: Adjusted for all covariates in model 3 and time-varying self-reported doctor diagnosis of comorbidities, depressive symptoms, K-MMSE score and engagement in social activities. Model 5: Sensitivity analysis excluding those who died within 2 years of follow up. All disease-specific mortality models accounted for competing risks of mortality. HR = Hazard ratio; 95% CI = 95% confidence interval Model 1: Adjusted for baseline age, sex. Model 2: Adjusted for all covariates in model 1 and education and quartiles of total household income. Model 3: Adjusted for all covariates in model 2 and time-varying smoking status, physical activity, alcohol consumption and obesity. Model 4: Adjusted for all covariates in model 3 and time-varying self-reported doctor diagnosis of comorbidities, depressive symptoms, K-MMSE score and engagement in social activities. Model 5: Sensitivity analysis excluding those who died within 2 years of follow up.
